To characterize the time frame of changes in pulmonary arterial pressure, right ventricular hypertrophy and morphology of small pulmonary arteries male Wistar rats were exposed to isobaric hypoxia (3 weeks, F I O 2 0.1) and then let to recover on air for 1 or 5 weeks. Normoxic animals (group N) served as controls. Mean pulmonary arterial pressure (PAP), ratio of the weight of the right heart ventricle to the sum of the weights of the left ventricle and septum (RV/LV+S) and percentage of double laminated pulmonary vessels ( % DL) were measured at the end of hypoxic exposure (group H), after 1 or 5 weeks of recovery (groups 1R and 5R), and in controls kept in air (group N). Three weeks in hypoxia resulted in increase in PAP, RV/LV+S and % DL. After 1 week of recovery RV/LV+S normalized, PAP decreased, while % DL did not change. After 5 weeks in air PAP returned to control values and % DL diminished significantly but did not normalize. Our results suggest that recovery depends on the degree of HPH and that knowledge of the time-frame of recovery is important for future studies in our rat model.
Introduction
It is well documented that pulmonary hypertension induced by exposure to chronic hypoxia (HPH) is reversible after return to normoxia (1, 8, 13, 19, 21) . Morphological changes accompanying HPH -hypertrophy of the right heart and thickening of peripheral pulmonary vessels are reversible as well (19) . However, time frame of regression of these changes during recovery is far from being clear. Some groups found normalization of pulmonary arterial pressure (PAP) after two weeks of recovery (16) while others reported that after 6 weeks of recovery PAP decreased but reached prehypoxic values after 20 weeks (8, 9) . RV/LV+S was in the some experiments normalized after two (16) or four weeks (17) , but others found RV/LV+S ratio only decreased after 2 weeks (22), 4 weeks (4) or 6 weeks (8). Tozzi et al. (22) found regression of thickening of walls of peripheral pulmonary vessels after 2 weeks of recovery, Fried and Reid (4) did not find any regression after 4 weeks, Ressl et al. (20) did not see normalization after 10 weeks. The present study was, therefore, designed to specify changes of PAP, RV/LV+S and the percentage of double laminated peripheral pulmonary vessels at two stages of recovery from chronic hypoxia in our model of HPH (isobaric hypoxia, 3 weeks, F I O 2 0.1) -early (after 1 week) and later stage (after 5 weeks) of recovery in air.
Material and Methods
Thirty two adult male Wistar rats (mean body weight 228 ± 2; g ± SEM; Anlab, Prague, Czech Republic) divided into four groups were used. Experiments were performed in accordance with the European Community and NIH guidelines for using experimental animals. All procedures were approved by our institution's Animal Studies Committee.
Three groups of rats were placed in an isobaric hypoxic chamber (F I O 2 0.1) (5) for three weeks. One group (H, n=8) was measured immediately at the end of hypoxic exposure. Remaining two groups were measured after 1 or 5 weeks of recovery in air (groups 1R, n=8 and 5R, n=8). Normoxic control group (group N, n = 8) was kept in air.
Mean pulmonary arterial blood pressure (PAP, mmHg) was recorded in rats anesthetized with Thiopental (ICN Czech Republic, Roztoky, Czech Republic; 40 mg/kg/ b.w. i.p.) and spontaneously breathing room air, by a catheter inserted in the pulmonary artery via the right jugular vein (7). After the PAP measurement, the heart and lungs were removed from the chest. The left ventricle plus septum (LV + S) and the right ventricle (RV) were separated and weighted. Lungs were filled with formol solution and then the lung sections were stained with the hematoxylin resorcinfuchsin. Percentage of hypertensive double-laminated prealveolar vessels was counted as described previously (6) . 73 
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RECOVERY FROM HYPOXIC PULMONARY HYPERTENSION IN RATS Statistics
Statistical analyses were performed using ANOVA with Scheffe post-hoc test. Values of p < 0.05 were considered significant. The results are presented as means ± SE.
Results
Rats exposed to 3 weeks of hypoxia had significantly lower body weight than normoxic controls (N = 357 ± 2, H = 256 ± 5g).
Ratio of right ventricular weight to the sum of weights of left heart ventricle and septum (RV/LV+S) was significantly higher in hypoxic group than in other groups and it was normalized after one week of recovery in air (H = 0.41 ± 0.02, N = 0.31 ± 0.01, 1R = 0.33 ± 0.01, 5R = 0.31 ± 0.01; p < 0.0001). Fig. 1 shows the changes in pulmonary arterial pressure (PAP) in all groups. Hypoxia increased PAP as we expected. First week of recovery resulted in the decrease in PAP but it remained still higher than in controls. The significant difference between control and hypoxia exposed rats disappeared after five weeks of recovery.
Percentage of double laminated vessels (% DL) did not change during the first week of recovery and decreased but did not normalize after five weeks of recovery (Fig. 2) .
Discussion
The present study analyses the time course of regression of three important changes of pulmonary circulation induced by chronic hypoxia in our rat model of HPH. We found that the weight of the right ventricle returned to the physiological range during the first week of recovery. The pulmonary arterial blood pressure (PAP) recovered during five weeks in normoxia while increased percentage of double laminated peripheral pulmonary vessels persisted even after the end of the five weeks recovery. The similar time sequence was reported previously (8, 9, 21) but after a longer period than in this work.
The fact that heart weight normalization precedes the PAP normalization, reported also by others (4, 8, 9, 19) , suggests that right ventricular hypertrophy is not caused by pressure load only. Our previous measurements of cardiac output in normoxic rats, rats exposed to three weeks of hypoxia and rats after 5 and 14 days of recovery in air, did not show any differences (11) . If some volume overload occurs at the beginning of hypoxia it lasts for only first few days of acclimatization (14) . The increased afterload could be combined with direct effect of hypoxia on the heart (14). As Pelouch et al. described (18) , hypoxia increased the concentration of the collagenous proteins in the ventricular wall. This state persisted even after removal of animals from the hypoxic atmosphere when the weight of the ventricles returned to the control values. Interestingly, Bonnet et al. (3) reported that RV/LV+S ratio normalized after hypobaric hypoxia in 3 weeks but 70 % of the rats showed abnormally low thickness of the right ventricular wall suggesting irreversible right ventricular dysfunction with dysplasia. The degree of tissue damage probably depends on duration of hypoxia because of absence of RV/LV+S ratio restoration after 2 weeks of recovery from 10 days of hypoxia as described Tozzi et al. (22) .
Our previous experiments showed that the first week of hypoxic exposure is crucial for the development of HPH (2, 6, 10) . It seems that the discrepancies in the course of recovery are mainly due to differences in the duration and type of hypoxia (continual or intermittent, normobaric or hypobaric) resulting in the various degree of tissue radical injury and different PAP values at the end of exposure.
Nevertheless, the decrease in PAP with persisting increased wall thickness of peripheral pulmonary vessels implies importance of vasoconstriction in maintaining elevated pulmonary arterial pressure during HPH. Interestingly enough administration of Rho kinase inhibitor nearly normalized the high pulmonary arterial blood pressure and total pulmonary resistance in chronically hypoxic rats (15) . Structural remodeling of prealveolar pulmonary arteries (muscularization of media) may not be important for the increase of pulmonary vascular resistance in HPH (12) .
Conclusions
While the development of HPH is intensively studied, relatively less is known about the mechanisms involved in the recovery of hypoxia-induced changes. Our results showed that during recovery from isobaric hypoxia the restoration of normal weight of the right ventricle precedes restoration of PAP while restoration of normal thickness of small pulmonary vessels walls lasts more than five weeks. The results also suggest that recovery depends on the degree of HPH. Knowledge of the time-frame of changes is important for future studies of the mechanisms of recovery from chronic hypoxia in our rat model.
